Background: Serum thymus and activationregulated chemokine (TARC) levels are associated with the disease activity of patients with atopic dermatitis (AD) and sensitively reflect short-term changes in skin conditions. The main treatment for AD is topical agent application.
Introduction
Atopic dermatitis (AD) is a common, chronic or chronically relapsing, severely pruritic, eczematous skin disease that manifests not only in humans but also in other mammals, such as dogs. 1, 4 The waxing and waning clinical course of AD results in deterioration in patients' quality of life because of spontaneous or seasonal flare-up. 2, 3 The most important clinical symptom is intolerable itch. By scratching, patients easily fall into a vicious circle called the "itch-scratch cycle", resulting in chronic sleep disturbance. 6 The main treatment of AD is skin moisturization with emollients and topical antiinflammatory agents, such as corticosteroids and tacrolimus. 2, 3 Thymus and activation-regulated chemokine (TARC), a chemokine involved in Th2 cell migration, was recently found to be closely associated with AD. 7, 8 The measurement of TARC was recently covered by medical insurance in Japan. Serum TARC levels are significantly elevated in patients with AD, particularly in those severely affected by the disease, compared with patients with other inflammatory skin diseases and healthy controls. [7] [8] [9] [10] [11] [12] The TARC levels are significantly correlated with the clinical severity scores of AD. Therefore, serum TARC level is now considered a specific and objective indicator of AD disease activity. a useful and reliable biomarker is its wide range of values -100 to 50000 or more pg/mL -allowing it to sensitively correspond to the waxing and waning of AD severity. 11, 12 Tamaki et al. reported that it is now feasible to quantify a patient's AD severity according to the serum TARC level (mild state: ≤700 pg/mL, moderate/severe state: >700pg/mL). 12 This is very advantageous because both dermatologists and their patients can evaluate the severity state of AD by using the same measures. Dermatologists can confidently ask the patients to change treatment strategy to reduce his/her TARC level to ≤700 pg/mL or 450 pg/mL (the normal control level); this greatly increases patients' adherence to treatment in routine clinical practice.
The concept of finger-tip units is a useful application method and is recommended in therapeutic guidelines. 2, 13 In general, doses of topical steroids and tacrolimus are closely related to the severity of AD. 14, 15 However, how topical dosage affects serum TARC levels is not well understood. This study statistically assessed the influence of topical agent dosage on the reduction of serum TARC levels.
Methods

Patients
Patients were diagnosed as AD according to the diagnostic criteria of the Japanese Dermatological Association. 2 A total of 349 patients with AD (184 men and 165 women), whose serum TARC levels were measured between April 2008 and October 2012, were initially enrolled. The following patients were excluded: patients whose TARC levels were measured only once (n = 188), those taking oral immunosuppressants such as cyclosporine and prednisolone and/or receiving ultraviolet therapies (n = 54), children aging 14 years and under (n = 13), those whose TARC levels were checked at an interval exceeding 3 months (n = 36), and mild patients with TARC levels ≤700 pg/mL (n = 2). Finally 56 moderate/severe patients out of 349 patients (16.05%, 31 men and 25 women, mean age 34.75±12.76, range 15-73 years) whose TARC levels were examined before and after treatment within 3 months were included. If a patient had multiple TARC measurements, only the first pair was used. All 56 patients were treated with topical anti-inflammatory treatments continuously during those periods and all of them received oral antihistamines and emollients in addition.
Methods
We divided the patients into 2 groups; those with TARC levels ≥3001 pg/mL (severe AD group) and 701 to 3000 pg/mL (moderate AD group). To calculate the weekly reduction in TARC levels, the difference between the pre-and post-treatment TARC levels was divided by the number of weeks in the intermediate periods. Meanwhile, the amounts of topical steroids and/or topical tacrolimus prescribed for each patient were checked during these periods by asking how much topical agents the patient used or by checking the number of used tubes and the weekly dosages of topical agents were calculated. The amounts of topical agents per week are expressed as the total equivalent amount (TEA) and were calculated by multiplying by potency equivalent factors as follows 16 : strong rank steroids, x1; mild rank steroids, x0.5; very strong rank steroids, x2, and strongest rank steroids, x4. For example, 1g of the strongest rank steroid represented 4 TEA. Tacrolimus ointments (0.1% and 0.03%) were classified as strong rank (x1) and mild rank (x0.5) steroids, respectively. Among the 56 patients, 31 (55.4%) used topical steroids only and 25 patients (44.6%) used both topical steroids and tacrolimus but there were no patients treated with tacrolimus only. The study was approved by the ethical committee of Kyushu University Hospital.
Statistical analysis
Statistical analysis was performed using the Microsoft Excel software under the Windows 7 operating system, and the SPSS statistical software package for Windows (Version 11.0, SPSS Inc., Chicago, IL, USA). Data are expressed as means±standard error (SE). The weekly TARC reduction, weekly TEA and the rate of change in TARC levels between the moderate and severe AD groups were analyzed using unpaired t-tests. The factors affecting the serum TARC levels were analyzed using analysis of covariance (ANCOVA). A P-value of <0.05 was considered to indicate statistical significance.
Results
Serum TARC levels of patients with moderate/ severe AD
The overall pre-treatment serum TARC levels of the 56 moderate/severely affected patients with AD ranged from 829 to 52000 pg/mL (mean±SE; 7076.48±1336.73 pg/mL). Post-treatment TARC levels within 3 months after topical treatment ranged from 159 to 6740 pg/mL (1554.71±198.07 pg/mL) (Table 1, Figure 1A ). The pre-treatment TARC levels in the moderate AD group (1847.89±137.60 pg/mL) decreased significantly to 971.11±113.88 pg/mL post-treatment ( Figure 1B) . The pretreatment TARC levels of the severe AD group (12305.07±2246.94 pg/mL) decreased rapidly to 2138.32±342.48 pg/mL within 3 months ( Figure  1C ). The rate of change in the severe AD group was significantly faster than in the moderate TARC group (p < 0.001).
Weekly dosage of topical agents and reduction in serum TARC levels
The weekly TEA of the overall moderate/severely affected patients ranged from 10 to 340 (83.21±8.77) ( Table 1 ). The weekly TARC reduction of the study group as a whole ranged from 3.1 to 7765 (1116.68±245.78 pg/mL). The weekly TARC reduction was significantly correlated with weekly TEA (Figure 2 ). The weekly TARC reduction (2089.67±411.25 pg/mL) of the severe AD group was significantly larger than that of the moderate AD group (143.67±24.34 pg/mL) (p < 0.001). Accordingly, the weekly TEA (104.57± 14.45) of the severe AD group was significantly larger than that of the moderate AD group (61.85±7.96) (p < 0.001) ( Table 1) .
Factors affecting the reduction of serum TARC levels
Next we analyzed whether the following factors affected the serum TARC levels using regression analysis: age, gender, treatment duration (weeks), TEA values, and initial severity (TARC ≤3000 or ≥3001 pg/mL). The TEA values (p < 0.01) and initial severity (p < 0.001) were significantly related to the reduction of TARC levels ( Table 2) . The results of ANCOVA demonstrated that 1 TEA per week reduced serum TARC levels by 9.94 pg/mL.
Correlation between TARC and eosinophil number
There was a moderate and significant correlation between pre-treatment TARC levels and eosinophil numbers (R 2 = 0.2822, P = 0.000003585), as has been reported by Kakinuma et al. 7 A significant correlation was also observed between the pre-and post-treatment reduction of TARC levels and the reduction of eosinophil numbers (R 2 = 0.236, P = 0.0002978). The pre-treatment values of TARC and eosinophil numbers ranged from 829-52000 and 162-7634, respectively, and the pre-and post-treatment reduction of TARC levels and eosinophil numbers ranged from 28-48140 and 1571-7295, respectively, confirming that the wider range of TARC levels seemed to be clinically more useful for evaluating AD activity than eosinophil numbers.
Discussion
Although the topical application of steroids and tacrolimus is the mainstay of the treatment of AD, dosages of topical agents prescribed in daily clinical practice were actually small, possibly reflecting patients' aversion to steroid use which is spreading worldwide. 14, 15, 17 As documented previously, up to 75% of adolescent/adult patients with AD are prescribed a total of less than 180g topical steroids per 6 months (7.5g/week) and less than 59g topical Correlation between weekly TARC reduction and weekly TEA tacrolimus per 6 months (2.5g/week). 14,15 Treatment outcomes were unsatisfactory in this situation because 19% of adolescent and adult AD patients remained in a very severe or severe state or experience exacerbation.
14 Since Japanese medical insurance began to cover the monthly measurement of serum TARC levels in AD patients, monitoring TARC levels has been recognized as a very useful tool for setting treatment goals through mutual discussion between a patient and a dermatologist. Kimura et al. 18 stresses the importance of bringing TARC levels down and keeping them under 500 pg/mL. However, considering patients' aversion to steroids, it is difficult to persuade or negotiate with a patient to use a suitable amount of topical agents.
The present study examined the dose impact of topical agents on the reduction of TARC levels. The TEA was calculated by summing up the amounts of different topical agents multiplied by their respective potency equivalent factor. As expected, a greater increase in the TEA resulted in a greater decrease in TARC levels. One TEA contributed to a roughly 10 pg/mL reduction in TARC levels per week. Patients in the severe AD group exhibited a more rapid decrease in TARC levels than those in the moderate AD group. Although the exact reason for this remains unknown, we assume that more severely affected patients with more damaged skin may absorb topical agents to a greater extent, consequently inducing a dramatic reduction of TARC levels.
Intrinsic and extrinsic AD have recently received attention. [19] [20] [21] In this study, 4 female patients with normal IgE levels (104 to 138 IU/mL) were identified; their pre-and post-treatment TARC In addition, the TARC levels significantly correlated with the number of eosinophils, as has been documented previously. 7 However, due to wider range of the values, the TARC levels seemed to be more advantageous than the number of eosinophils in evaluating the disease activity.
Oral anti-histamines are effective therapeutic adjuncts in AD.
2,3 Interestingly, Shoji et al. 22 demonstrated that antihistamines inhibit TARC production by human CD14+ monocytes/macrophages in vitro. Concordant with this evidence, Kimura et al. 18 found that the addition of oral antihistamines to topical steroids decreases TARC levels to a significantly greater extent than topical therapy alone. Since all patients in the present study received antihistamines simultaneously, we were unable to investigate the effect of antihistamines on the reduction of TARC levels.
This study has the following limitations; (1) the TEA may not represent the actual consumption of topical agents, (2) 3 months of post-treatment duration may be too long to adequately investigate the dose-effect relationship, and (3) we cannot exclude the beneficial effects of antihistamines and emollients, etc.
In conclusion, the results of the present study suggest that the weekly application of 1 TEA reduces TARC levels by 10 pg/mL in AD patients with serum TARC≥701 pg/mL.
